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Introduction

The survival and growth of tumors is dependent on the neo-vascularization of
the growing tumor mass. Prior to the vascularization of a tumor, a subpopulation
of tumor cells acquire an angiogenic phenotype characterized by the production of
polypeptide growth factors that stimulate endothelial cell proliferation, migration
and differentiation. By activating cell surface receptor molecules, these tumor-
derived angiogenic factors induce the growth of blood vessels into the tumor from
pre-existing blood vessels. Thus, the process of tumor angiogenesis represents an
attractive target distinct from tumor cells themselves for the development of new
cancer therapeutic agents. Experimental therapies directed against various
components of the angiogenic process including growth factors, receptor kinase
activities, intracellular signaling enzymes, extracellular matrix molecules, and
proteases are currently being evaluated. We are characterizing the signaling
pathways utilized by vascular endothelial growth factor (VEGF), an angiogenic factor
that is widely expressed by breast tumors, and we are generating neutralizing
monoclonal antibodies to receptor molecules for VEGF. We will test the antibodies
for the ability to block VEGF-induced endothelial cell proliferation and capillary
growth in vitro. VEGF is known to play a crucial role in both normal embryonic
development and in the malignant transformation of a number of different tissues.



Body of Report

Grant DAMD17-98-1-8348 was transferred at the end of July 2000 to the American
Type Culture Collection (ATCC) where the PI occupies a laboratory on the Prince
William campus of George Mason University. A one year extension to August 2002
was granted in July 2001. In June of 2001 the PI received approval from the Prince
William Hospital IRB for a human subjects protocol, which was originally
submitted in December 1999. This protocol is currently being reviewed by
USAMRMC.

Specific Aim 1: Tasks 1-5

Vascular endothelial cell growth factor (VEGF) stimulates angiogenesis and
human endothelial cell proliferation by binding to two cell surface receptor tyrosine
kinase molecules: Flt-1 (fms-like tyrosine kinase) and KDR (kinase insert domain-
containing receptor) (1,2). The affinity of Flt-1 for VEGF is about an order of
magnitude higher than that of KDR. In recent years the ligand-binding regions of
these receptors have been localized to the N-terminal three or four Ig-like loops in
the extracellular domains (3-7). The second Ig-loop of Flt-1 is the primary
determinant of ligand binding (3), and we have shown that either loop 1 or 3 is
required in conjunction with loop 2 for high affinity VEGF binding (6). Both VEGF
receptor types are essential for normal embryonic development as the targeted
deletion of each receptor is embryonic lethal (8,9). In adult mammals both VEGF
receptors are found predominantly on endothelial cells, however, KDR is also an
early marker in hematopoietic cell development and is present on hematopoietic
stem cells in bone marrow (10).

Because cytotoxic antibodies to KDR may have the potential to kill
hematopoietic stem cells, we are focusing on raising monoclonal antibodies to Flt-1.
We have created baculoviruses harboring ¢cDNAs encoding full-length and
truncated human Flt-1 receptors (6). These receptor constructs are expressed in the
High 5 T. ni cell line obtained from Invitrogen. In addition, we have transfected
High 5 cells with full-length receptor cDNA that is constitutively expressed. These
sources provide the human Flt-1 molecules that are used to immunize mice. We
have gone through one cycle of antibody production and analysis in which
monoclonal antibodies were generated from spleens of mice immunized with High
5 cells expressing full-length Flt-1. Over 500 hybridoma supernatants were assayed
for the ability to inhibit VEGF binding to High 5 cells expressing Flt-1. Thirty
hybridomas whose supernatants moderately inhibited VEGF binding (40-60%) were
subcloned, however, none of the hybridoma clones were positive on re-screening.
Further hybridomas that were generated with splenocytes from mice immunized
with full-length Flt-1 will be analyzed for neutralizing activity. In addition, mice
will be immunized with insect cells expressing the three Ig-loop binding region of




'Flt-1 to increase the probability of producing neutralizing antibodies. We are

purifying the three loop Flt-1 construct from insect cells for use as an immunogen
but have not yet achieved homogenous preparations. To increase the throughput of
the antibody screen, we are developing an assay for cell-bound VEGF that utilizes
streptavidin-conjugated horseradish peroxidase and enhanced chemiluminescence.
This will allow the assay to be done in a 96-well dot blot format with fewer target
cells.

The strategy of inhibiting the angiogenic activity of VEGF at the level of ligand-
receptor interactions at the cell surface rather than at the level of intracellular
signaling intermediates is supported by studies of intracellular pathways activated in
endothelial cells in response to VEGF (11-13 and Appendix 1). The mitogen-
activated protein (MAP) kinases ERKs 1 and 2, and p38 MAP kinase but not Jun N-
terminal kinase (JNK) and phosphatidylinositol 3’-kinase (PI 3-kinase) were
activated in response to VEGF. By using specific inhibitors of these kinases, we
showed that activation of ERKs 1 and 2 and PI 3-kinase were required for VEGF-
stimulated endothelial cell to proliferation (11). However, these pathways were not
uniquely activated by VEGF but were also activated by epidermal growth factor and
fibroblast growth factor-2. This observation of convergent growth factor signaling in
endothelial cells indicates that therapeutic strategies aimed at inhibiting
intracellular signaling components will not be specific for responses to VEGF. This
conclusion is a compelling argument for focusing on proximal steps in VEGF
signaling to inhibit angiogenesis.

We have extended our study on VEGF signaling in endothelial cells to show
that PI 3-kinase, an enzyme whose activity is required for a mitogenic response to
VEGEF, binds directly to the Flt-1 receptor for VEGF (14, Appendix 2). This direct
interaction is significant in that it implies that PI 3-kinase is activated through VEGF
binding to Flt-1. To date PI 3-kinase activation has only been experimentally linked
to the KDR receptor (15). Thus, it is likely that dual receptors signals are involved in
PI 3-kinase activation.

Specific Aim 2: Tasks-6-8

The activities of antibodies specific for human receptor molecules cannot
initially be characterized in vivo. The goal of this specific aim is to develop an in
vitro microvessel growth assay using fragments of human vascular tissue obtained
from umbilical cords. As reported last year, we have done pilot experiments
indicating we have culture conditions that should allow endothelial cell outgrowth
and microvessel formation from pieces of umbilical cord. Tissue fragments were
plated on a collagen-coated substratum in DME/F12 nutrient medium
supplemented with either 10% fetal bovine serum, 10 ng/ml fibroblast growth
factor-2 (FGF-2), 10 ng/m! VEGF or FGF-2 and VEGF. After a growth phase in which
cells migrated out of the tissue fragments and proliferated on the substratum, the
nutrient medium was changed to one with a low calcium concentration. A large
percentage of cells died in the new medium consistent with the inability of



‘fibroblasts to grow under conditions of low calcium (16). The remaining cells had

the morphological characteristics of endothelial cells. Further development of this
assay has been put on hold pending the approval of a human subjects protocol for
the acquisition and research use of umbilical cord tissue. A protocol and consent
form submitted in December 1999 to the Prince William Hospital in Manassas, VA
were approved by the hospital's IRB in June 2001 after several revisions (see
Appendix 3). The protocol and consent form are now being reviewed by a human
subjects specialist at the USAMRMC.

Specific Aim 3: Task 9

To reduce the immunogenicity of mouse monoclonal antibodies in humans it has
become standard practice to clone the complementarity determining regions of the
antibody light and heavy chains into human antibody heavy and light chain cDNAs
(17). A chimeric or humanized antibody is then expressed from the cDNAs in a
mammalian host cell line. In anticipation of humanizing mouse monoclonal anti-
Flt-1 antibodies, we have used mixed synthetic oligonucleotide primers (18) to
sequence by RT-PCR the Ig heavy and light chain variable regions of a monoclonal
antibody to the human EGF receptor (19). The same primer sets will be used to
sequence anti-Flt-1 antibody variable regions.

Key Research Accomplishments
e Identification of a major autophosphorylation site on the Flt-1 VEGF receptor

and direct demonstration of phosphotyrosine-dependent PI 3-kinase binding

e Cloning and sequencing of antibody heavy and light chain variable regions

Reportable Outcomes
Publications

1. Sato,].D. and Yu, Y. (2000) VEGF signaling pathways in endothelial cell
mitogenesis. DoD Breast Cancer Research Program Era of Hope Meeting.
Atlanta, GA, June 8-12, p. 568.

2. Yu, Y., Hulmes, J.D., Herley, M.T., Whitney, R.G., Crabb, JW., and Sato, ]J.D.
(2001) Direct identification of a major autophosphorylation site on vascular
endothelial growth factor receptor Flt-1 that mediate phosphatidylinositol 3’-
kinase binding. Biochem. J. In press.




3. Sato.].D. (2000) Hybridoma cultures for production of antibodies. Purification
and specificity of antibodies. In: Protocols for Neural Cell Cultures, (S. Fedoroff
and A. Richardson, eds.), Human Press, New Jersey.

4. Sato, ].D., Barnes, D.W., Hayashi, I., Hayashi, J., Hoshi, H., Kawamoto, T,
McKeehan, W.L., Matsuda, R., Matsuzaki, K., Okamoto, T., Serrero, G.,
Sussman, D.J., and Kan, M. (2001) Specific cell types and their requirements.
In: Basic Cell Culture: a Practical Approach, (J.M. Davis, ed.), Oxford University
Press, Oxford. In press.

Conclusions

Several hundred hybridoma supernatants have been screened for neutralizing
activity towards Flt-1, but no confirmed postives were identified. Immunization and
screening procedures will be modified for future hybridoma fusions. The major
conclusion of the research done thus far is that the convergence or overlap of
signaling pathways initiated by different growth factors indicate therapeutic
interventions of angiogenesis or other growth factor-induced processes should
target early events in signaling cascades in order to achieve the greatest degree of
specificity.
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VEGF SIGNALING PATHWAYS IN ENDOTHELIAL
CELL MITOGENESIS

J. Denry Sato and Ying Yu*

American Type Culture Collection, Manassas, VA 20110,
and *Surgical Research Laboratory, Children’s Hospital,
Boston, MA 02115

email address for ].D. Sato: dsato@atcc.org

Vascular endothelial cell growth factor (VEGF)/vascular permeability factor (VPF) is a
specific mitogen for endothelial cells. Since 1991 it has been known that VEGF, like
many other polypeptide growth factors, activates a receptor-associated tyrosine kinase
in target cells. We have used normal human umbilical vein endothelial cells (HUVECs)
rather than immortal endothelial or non-endothelial cell lines transfected with VEGF
receptor cDNAs to study intracellular signaling pathways activated by VEGF in
endothelial cell mitogenesis. We assessed the activation of enzyme signaling
intermediates by phosphorylation state and by increased kinase activity towards
substrates. In addition, we used specific inhibitors of signaling enzymes to evaluate their
significance in VEGF-stimulated cell proliferation. Like all polypeptide growth factors
that have been tested VEGF rapidly and transiently activated the mitogen-activated
protein kinases (MAPKs) ERKs 1 and 2. It also activated p38 MAP kinase in
subconfluent HUVECS, but it had no detectable effect on stress-activated protein kinase
(SAPK)/jun N-terminal kinase (JNK). Phosphatidylinositol 3-kinase (PI 3-kinase) and
its downstream mediator p70 S6 kinase, phospholipase C gamma, and the delta and
epsilon isoforms of protein kinase C were also activated by VEGF in HUVECs. By
contrast, activation of the janus kinases (JAKs) and PKCs alpha and beta was not
detected. The activities of ERKs 1 and 2, PI 3-kinase and p70 S6 kinase were
specifically inhibited by PD98059, L Y294002 and rapamycin, respectively, in VEGF-
stimulated HUVECs, and each of the three inhibitors completely inhibited cell
proliferation. There was no apparent cross-talk between PI 3-kinase or p70 S6 kinase
and ERKs 1 and 2 or between the ERKs and p38 MAP kinase. Inhibition of p38 MAP
kinase by the compound SB203580 resulted in the hyperphosphorylation of
retinoblastoma (Rb) protein, and it stimulated HUVEC proliferation both in the presence
and absence of VEGF. Our results indicate that the activities of the signaling enzymes
ERKSs 1 and 2, PI 3-kinase, and p70 S6 kinase are essential for VEGF-induced HUVEC
proliferation while p38 MAP kinase acts to supress endothelial cell proliferation by
inhibiting cell cycle progression. VEGF activates a multiplicity of signal transduction
pathways in endothelial cells, but as none of these pathways is unique to VEGF,
targeting VEGF receptors rather than intracellular signaling intermediates may be a more
appropriate therapeutic strategy for controlling VEGF-induced cell proliferation in vivo.

Supported by grant DAMD 17-98-1-8348 from the U.S. Army MRMC.
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Direct identification of a major autophosphorylation site on vascular
endothelial growth factor receptor Fit-1 that mediates phosphatidylinasitol

3’-kinase binding

Ying YU*, Jefirey D. HULMESt, Mark T. HERLEYf, Ronald G. WHITNEYY, John W. CRABBY and J. Denry SATO§'

“Surgical Research Laboratory, Ghildren's Hospital, Boston, MA 02115, US.A,, TAdlrondack Biomedical Research Instlule, Lake Placid, NY 12946, U.S.A, +The Cole
Eye Instilute, Cleveland Clinic Faundation, Cleveland, OH 44195, US.A,, and §National Stem Cell Resoruce, American Type Cullure Collection, 10801 University Blvd,

Manassas, VA 20110. US.A,

Progress has been made in our understanding of the mechanism
by which the binding of vascular endothelial growth factor
(VEGF) to cognate receptors induccs a range of biological
responses, but it is far from complcte. Identification of receptor
autophosphorylation sites will allow us to determine how acti-
vated VEGF receptors are coupled to specific downstrcam
signalling protcins. In the present study, we have expresscd
human VEGF reccptors in insect cells using the baculovirus
cxpression system, idenlified a major autophosphorylation site
on the VEGF reccptor fms-like tyrosinc kinase-] (Flt-1) by
HPLC-electrospray ionization (ESI)-MS, and characterized in
sitro interactions botween Flt-1 and phosphatidylinositol 3%
kinuse (PI3-kinase). Infection of High $ insect cells with Fli-1
recombinant virus resulted in the expression of a 170 kDa
glycoprotein, which bound VEGF with a K, of 2x 107" M in

intact insect cells, The overexpressed recombinant Flt-1 receptors
cxhibited lyrosine kinase activity and were constitutively phos-
phorylated. Analysis of Flt-1 tryptic peptides by HPLC-ESI-MS
with selective phosphatc ion monitoring identified 4 hexapeptide
(YVNAFK ; where single-letter amino-acid codc has been used)
containing a phosphotyrosine (pTyr) residuc at position 1213,
Using synthetic phosphopeptides, this pTyr residue was found to
be directly involved in the binding of PI3-kinase in virro even
though it did not fall within a consensus pYM/VXM PI3-kinase
binding motif. These results suggest that phesphorylated Fit-1
associates with PI3-kinase at pTyr'3! to mediutc the activation
of this pathway in VEGF signalling.

Key words: mass spectrometry, phosphotyresine, rcceptor tyro-
sine kinusc,

INTRODUCTION

The yrosine kinase receptors fras-like tyrosine kinase-1 (Flt-1)
and kinase insert domain-containing reccptor [KDR: also known
as feral liver kinasc-1 (Flk-1)), the two signal transmitting
reccptors for VEGF, play critical roles in angiogenesis. Gene
rargeting studies have shown that KDR/Flk-1 null mice luck
blood islands and haematopoictic progenitor cells, while Flt-1
nul) mice have differentiated cndothelial cells, but fail to form an
organized embryonic vasculaturc [1,2]. These results indicated
that Fit-1 and KDR/Flk-1 have distinct physiological roles
during development and that both rcccplors are essential for
survival. .

Ligand binding activates receptor tyrosine kinases (RTKS)
through receptor dimerization and autophosphorylation [3]. We
demonstrated that VEGF activated a tyrosine kinase activity iv
humnan umbilical cord endothelial oclls [4]. and Flt-1 [5] and
KDR [6] were subscquently characterized as VEGF-activated
RTXs. Individual phosphotyrosine (pTyr) residues and udjacent
amino acids generale highly selective binding sites for cytoplasmic
signalling proteins containing Src homology (SH)2 or pTyr-
binding (‘PTB") domains [7]. Association of signalling proteins
with phosphorylated reccptors then results in the activation of
intracellular signalling pathways, which inducc gene expression
and ccllular responses [8]. Thus identification of YVEGF receptor
autophosphorylation sites will provide considcrable insight into
the inleractions between VEGF reccptors and downstream

signalling proteins, and lead to a better understanding of the
functions of individual VEGF receptors in regulating cndothelial
cells. We have recently reported that the mitogen-activated
protein kinase (MAP kinase) and phosphatidylinositol 3’-kinase
(P13-kinasc)/p70 S6 kinase puthways are essential for VEGF-
induced endothelial cell proliferalion while the p38 MAP Kinase
pathway regulates VEGF mitogenic sctivity by suppressing cell
cycle progression [9]. However, the specific protein—protein
interactions through which VEGF receptors activate specific
downstream signalling pathways to transducc a mitogenic signal
are not clear. Dougher-Vermazen et al. [10] found four pTyr
residues (pTyr™', pTyr*, pTyr’"* and pTyri*?) in bacterially-
expresscd KDR kinase domain. Thus far, none of these pTyr
residues has been specifically implicated in the binding of any
signalling molecules, but KDR has becn implicated in the
activation of protein kinase B/Akt through PI3-kinase in cno-
dothclial cells {11), and cxperiments with the KDR inhibitor
$US416 suggest that KDR is involved in the activation of
phospholipase C-y (PLC-y), protein kinase C-¢, and MAP kinuse
[12). Several putative autophosphorylated tyrosine residues on
Flt-1 were identified using cither the yeast two-hybrid system or
\wo-dimensional phospho amino acid analysis [13~17], bux these
reports made conflicting claims regarding phosphorylated tyro-
sine residues on Ft-1 and their potential binding proteins. Using
the same tcchnique, pTyr'*® was identified in full-length Fle-1
[15], but not in overexpressed Fli-1 intracetlular domain [17).
PLC-y was found by Cunningham et al. [14], and Sawano et al,

Abbraviations used: ESI, slectrospray ionization;

FBs, fetal bovina serum; Flk-1, fatal liver kinase-1; Fit-1, fms-like tyrosine kinase-1; HUVECs, human

umbilical vein endothatial cells; KOR, kinase insert domain-conlaining receptor; MAP Kinase, mitogen-aclivated protein kinase! POGF, platelet-darived
growth factor; PI3-kinasa, phosphatidylinositol 3'.kinase; PLC~y, phospholipase C- y; PNGase F, paptide N-glycosidase F: pTyr, phosphatyrosine.
ATK, recepror tyrosine kinase; SH, Src homology; SIM, eeleclive ion monitoring; VEGF, vascular andothslial cell growth tactor,

1 To whom correspondence should be addrassed (e-mail dsato@atcc.org),

© 2001 Bigchemical Seclely




.4 JUL ‘@1 11:11 CUP_UPH PRODUCTION
C:/rcrfbico311 Jul02—art p le—1mE 2 (X 1)

2 Y. Yu and others

(15], to bind to pTyr''¥; hewever, Ito et al. [17] reported that
PLC-y bound to pTyr***? und pTyr**?, Thus these experimental
approaches have not yielded a conscnsus on cither the identities
of autophosphorylation sites or their intcractions with signal
transduction molecules. Ju the present study, wc sought to
identify autophosphorylated tyrosine residues on full-length
recombinant human Fli-1 expressed in insect cells using
different technique, ¢lecirospray ionization (ESIy-MS, and to
identrify associated downstream signalling proteins.

ESI [18,19] was introduced as a novel way to volatilizc peptides
for muss analysis. When directly coupled to u chromatography
system, on-line analysis of column eluates can be accomplished
without the need for peptide purification. The use of triple
quadrupole mass analysers allows the sclcction of parent ions of
specific mass to charge ratio in the first quadrupolc, which are
then fragmented by collision-induced dissociation in the second
quadrupole. A series of fragment jons that provide sequencc
information are measured in the third quadrupole. This process,
known as tandem MS or MS-MS [20), cun be applied to peptides
in mixtures or in ¢luates from HPLC. Selcetive ion monitoring
(SIM) monitors ion current at certain muss values throughour
the complctc mass spectrum as a function of time [21). The
combination of SIM with ESI-MS has been a powerful tool for
identifying protein modifying groups at the post-translational
level [22,23].

In the present study we report that Tyr™ is a major
autophosphorylation site on Flt-1. Using synthetic phospho-
peptidcs, we also show that PI3-kinase physically associates with
Flt-1 at pTyr'*", These results indicate that Flt-1 participales in
the regulation of endothelial cell functions through PI3-kinase-
activated signalling pathways, and they are consistent with our
previous finding that PI3-kinase signalling through p70 S6 kinasc
is required for VEGF-induced human endothelial cell prolifer-
ation [9].

EXPERIMENTAL
Reagents

Grace's insect cell culture medium, lactalbumin hydrolysate and
ycasrolate were purchased from Life Technologies (Gaithersburg,
MD, U.S.A.). Fetal bovine serum (FBS) was purchased from
Upstate Biotechnology (Lake Placid, NY, U.S.A.). SM and High
5 insect cells, and the pVL1392 baculovirus transfer vector werc
obtaincd from lnvitrogen (Carlsbad, CA, U.S.A.). Anti-(Flt-1)
(C-17) and anti-(Flk-1) (C-1158) antibodies werc purchased from
Santa Cruz Biotechnology (Sants Cruz, CA, U.S.A.). Mono-
clonal anti-pTyr antibody (4G10) and monoclonal anti-(P13-
kinase) (p85z) were purchased from Upstate Biotcchnology.
Protein A-Scpharose, Protein G-ugarose and sulfolink coupling
gel were from Pierce Chemnical Co. (Rockford, IL, U.S.A).
PVDF membrane was from Millipore (Bedford, MA, U.S.A.),
and ECL® Western blotting detcction reagents werc obtained
(rom Amersham (Littie Chalfont, Bucks., U.K.). [y-**PJATP and
S-protein labelling mix were from NEN Life Science Products
(Boston, MA, U.S.A.). Na, VO, and the proteasc inhibitors
leupeptin, pepstatin A, aprotinin and PMSF werc purchased
{rom the Sigma Chemical Co. (St. Louis, MO, U.S.A)). Aceto-
gitrile and trifluoroacetic acid were obtained frem Fisher
Scientific (Springfield, NJ, U.S.A.).

Cell culture

Sf9 and High S inscct eclls were maintaincd at 27 °C in Grace's
insect culture medium supplemented with lactalbumin hydro-
lysate, yeastolate and 10% (V/V) FBS. Humsn umbilical vein
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endothelial cells (HUVECs) were isolated and maintained as
previously described [9].

RNA Isolalion and reverse franscriplion

Total RNA was prepared from HUVECs using RNAzol (Biotecx
Laboratories, Houston, TX, U.S.A.). cDNA templates for PCR
were synthesized from S ug of total RNA with oligo(dT) primers
using & SuperScript preamplification systcm (Life Technologies).

Cloning and sequencing of VEGF receptor cDNAs

cDNA fragments (1.6 kb) encoding the intraccliular portion of
Flt-1 or KDR were cloned using PCR. Thc following synthetic
oligonucleotidc primer pairs were used for Flt-1 (forward. 5'-
CCTTATGATGCCAGCAAGTGG-3'; reverse, 5'-CTGGAT-
CCGGCTTCGTGTCAAACTCTAG-3') and KDR (forward,
5s-CATGGATCCAGATGAACTCCCATTGG-Y; roverse, 5'-
CTGGATCCTITAAACAGGAGGAGAGCTC-3’). Full-length
receptor cDNAs were made by splicing the 1.6 kb Flt-1 fragment
on to a 2.4 kb cDNA fragment encoding the extracellular portion
of Flt-1 in the pV L1392 transfer vector [24] cut with the rcstriction
enzymes PAMI and BamHI. and by splicing the 1.6 kb KDR
fragment on to i 2.4 kb cDNA fragment encoding the extra-
cellular portion of KDR in the pVL1392 vector [24] ata unique
BamM] sitc. Samples for sequence unalysis were prepared using
the Prism Ready Reaction DycDeoxy Terminator Cycle
Sequencing kit (PE Biosysterns, Foster City, CA, U.S.A.). The
complete cDNAs of KDR and Flt-1 were sequenced on 4n
Applied Biosysterns Model 370A DNA sequencer.

Antibodles

Rabbit polyclonal antisera P20L and K20L were raised against
the synthetic peptides PNNQSGSEQRVEVT ECSDGL and
KDPELSLKGTQHIMQAGQTL (wherc single-letter amino-
acid code has been uscd) corresponding to N-terminal amino
acid sequences of human KDR and Flt-1 respectively. The
peptides were synthesized by the Adirondack Biomedial Research
Institute Protein Chemistry Facility. Immunization of rabbits
with keyhole-limpet hacmocyanin-conjugated peptides and col-
lection of sera were performed by Cocalico Biologicals (Reams-
town, PA, U.S.A.). The antibodies were affinity-purified using
peptidc-coupled Affi-gel 10 (Bio-Rad).

Generalion of recombinant baculovirus and Infection of High 5
cells

Recombinant viruses were generatcd by cotransfection of st
cells with PVL1392/Fli-1 or PVL1392/KDR and Baculogold
baculovirus DNA (BD Pharmingen, San Diego, CA, U.S.AY)
using lipofectin (Life Technologies). Recombinant viruses were
purified by plaquc assay (25], and were verified by PCR. Cells
were lysed and tbe recombinant proteins were analysed by
immunoprecipitation and/or immunoblotting 48 h post-infec-
tion.

Metabolic labelling of recombinant Fit-1 and KDR

Subconflucnt High S cells in 8 24 well plate (Corning) were
infected with recombinant viruses. Prior to labelling, the cells
were incubated with methionine-deficient medium (Life Tech-
nologies) for 1 h. The same medium containing 25 uCi of 8-
protein lubclling mix (NEN Life Science Products) was added,
2 h before cach time point. Incubation was continued at 27°C
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lcupeptin, 10 pg/ml aprotiniv and | pg/ml pepstatin, Cell lysates
were clarified by centrifugation twijce at 13000 g for 15 min, A
S0 % (v/v) peptide-Sulfolink gel slurry (30 ) containing 3 ug of
peptide was incubated with 0.5 mg of HUVEC lysate protein at
4°C for 2h. The gel beads were washed with lysis bufler
containing 0.2 M NaCl, and the bound protcins were analysed
by Western blotling with a monoclonal antibody directed against
PI3-kinase.

RESULTS
Molecular ¢loning of Fit-1 cDNA

The full-length coding region ¢cDNA for Fli-1 was amplificd
from HUVEC RNA by reverse transcription PCR using Taq and
Vent polymerases, and it was subcloned into the buculovirus
transfer vector PVL]392. Two nucleotide differences werc found
between our Flt-1 sequence and the original published sequence
[28), resulting in 4 single amino acid difference (Lcu?’ — Phe)
that was also reported by de Vries et al. {S). For comparison
KDR coding region cDNA was slso cloned and sequenced. The
Flt-] and KXDR cDNA sequences have been deposited with
GenBunk® (accession numbers AF063657 and AF063658).

Recombinant Fil-1 as a glycosylated membrane-bound protein
with specliic binding affinlty tor VEGF

Recombinant Fl(-1 expressed in insect cells was detected in cell
Jysates by Westcrn blotting as a single protcin ofapprox, 170 kDa,
whereas recombinant KDR was detected as a doublet of approx.
190 and 170 kDa (Figure 1). To determine whether recombinant
Flt-1 was post-tmnslationally glycosylated, similarly to endogen-
ous Flt-1 in endothelial cells, membrane proteins prepared from
infected High 5 cells were digested with peptide N-glycosidase F
(PNGase F). Recombinant Flt-1 was esscntially completely
digestcd by tbis enzyme, reducing the apparent molecular mass
estimated by SDS/PAGE from 170 to 155 kDa, which was close
to the 150 kDa mass predicted for thc non-glycosylated Fit-1
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Figure 1 Time course of Fi-1and KDR expression In baculovirus-infected
High 5 cells

(R) Auloridiogram of S-labelled protging of cells thal were pulsé-labelied for 2 h and lysed
ai Ihe inicaled ime palnls. Detergent lysates were resolved by SOS/PAGE, and lhe dried gel
was exposed (o X-ray fim. () FIl-1 and KDR were Immunoprecipilaled {IP) lrom delergent
{ysales al 0, 24, 36 and 48 h post-infeclion, and were subjected lo SDS/PAGE. They were then
deectad by immunobloiling (1B). The anlibodics (Ab) used am lisled, Molecular masses of
protein slandards are Indicaied on Whe lell-hgnd sidos of the panels.
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Fl?lura 2 PNGase F digesiion of Fit-1 and KDR expressed In High 5 Insect
colls

Recombinant virus-Infected High 5 (H5) cslis were lysed 48 h postinfeciion. Cells were
Itactionalcd by homogenizalion, and membranés ware collected by untracenlrllugation, Digestion
was cafred out by Incubating membrane proleins wilh (+) of Withou! (—) PNGase Fatd7°c
overnight, FIl-1 of KDR in Lhe digesdon mixlure was analysed by Wesiarn tlaling whh the
Indicaled anti-peptide antibodies. Molecular masses of prolsin slangards are indicaled on Lhe
lefishand side.
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Flgure 3 Analysls of VEGF binding to Intact High 5 cells expressing Fit-1

Scatchard plot of the salvralion binding assay (shown in Lhe inssl). Increasing amounts of
(%5 ]VEGF were added o FILT vitus-inlactad High § cells that had been fixed In 48 well plates.
Non-specific binding was delermined by competition with a 100-{old extess of uniabelled VEGF,
AMier binding, the cells were washed and lysed, and the cell-associaled radipaciivily wes
delermined using a pamma counter, Results are presented as the means of lriplicale
determinations,

polypeptide (Figure 2). Recombinant KDR was similarly de-
glycosylated by PNGase F. It is noreworthy that in cell mem-
brancs, KDR was prcscnt a5 a single 190 kDa protein, which
corresponded to the higher molecular mass KDR polypeptide
detected in whole-cell lysates (Figure 1). When KDR-infecled
High 5 cells were incubated in the presense of the glycosylation
inhibitor tunicainycin, only the lower molecular mass KDR was
expressed (results not shown) indicating that the 170 kDa KDR
was not glycosylated. Recombinant Flt-1 bound to the 165-
amino-acid soform of VEGT in n saturable manner (Figure 3).




© @4 JUL ‘1 11:13 CUP UPH PRODUCTION
C:/rer/bico311 Jul02 —art p lc—1mE 5 (X 4)

Phosphotyrosine residue 1213 of Fit-1 binds phosphatidylinositol 3°-kinase

P20l K20l —P2oL = _K20L

KDR/M5 Fit1/Hs

. %
VEGE_-__* - % W oM ue g

Auto-
-

radiogram

1997 I | v o
1207 e “ (s

18:Anti-pTyr
Autophosphorylation

in vitro Kinase activity

Figure 4  Ligand-Independent VEGF recoplor tyrosine phospharylation In
Fit-1- ar KDR-infected High 5 (H5) cells

Left-hand panal: al 48 h post-nfection, cells were lraated wilh (4 ) or without (—) 50 ng/ml
VEGF lor § min. Fit-4 of KDR was immunapreciphaled (1P Iram whole-cell lysaies with anil-
pephids anlbodies K20L or P20L, and analysed by Waslern biolling with anu-pTyr aniibodles.
Molgcular masses of proleln slandards are indicaled on ths tefi-hang side. Right-hand panel:
Fit-1 ar KDR immunoprecipliales were subjected lo an in vito Kinase assay. Samples were
analysed by SDS/PAGE, and translerred on (o a PVDF mumbtang, Jollowed by KOH Ueatment
ang autoradiography. Fit-1 or KDR was delecied on (ha membrane by Immunablatting (|B) wih
anti-{Fit-1) (C-17) or anU-KDR (C-1158) anlibodies.

Scatchard analysis revealed the presence of a single class of high-
affinity binding sites on these cells with a dissociation constant
(K, of 2x 107 M, indicating thal the recombinant Flt-1 was
intact and funcrional.

Ligand-independeat tyrosine phosphorylation of recombinant Fit-1

Western blotting with gn anti-pTyr antibody of anti-receptor
immunoprecipitates of infected cells treatcd with or without
VEGF indicated that both Flt-1 and KDR were tyrosine
phosphorylated in the absence of VEGF (Figure 4, lefi-hand
panel). These phosphorylation events rcsultcd from receptor
autophosphorylution and not from thc activity of unrelated
Lyrosine kinases as demonstrated recently by Sawano et al. {15]
with an Flt-1 kinase-negative mutant, which exhibited no tyrosine
phosphorylation in inscct cells. Ligand-independcnt autophos-
phorylation of RTKs has been previously reported for platelet-
derived growth factor (PDGF) rceeplors [29,30], epidermul
growth factor receptors (31,32] and fibroblast growth factor
receptors [33] expressed in the baculovirus system. The intrinsic
kinase activity of recombinant Flt-1 or KDR was confirmed in
an in virro kinasc assay (Figure 4, right-hand panel), These
results indicatcd that the baculovirus systcm was a useful model
with which to study the autophosphorylation sites of the Flt-1
receptor, whose tyrosine kinase activity is difficult to detect in a
nammalian ccll environment [34,35).

identification of autophosphorylation sites on Fit-1

To produce sufficient amounts of tyrosinc sutophosphorylated
recombinant Flt-1, we initially tried to purify Fli-1 from insect
cells by affinity chromatography on a VEGF column. Flt-1
receptors were first cariched by isolating plasma membranes
{rom infected High § cells pretreared with VEGF. In tests with a
variety of detergents, the efficiency of solubilizing Flt-1 from the
membranes, howcvcr, was extremely low. We then took an
alternative approach and purified Flt-1 by SDS/PAGE. Mein-
brane-derived 170 kDa Flt-1 protein was clearly visualized by
Commassie Brilliant Biue on an SDS/polyucrylamide gel (Figure
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Figure 5 Preparation of bacuovirus-expressed recombinant Fit-1 for
analysis by MS

Fil-)-infecied High § cells (48 h post-infeclion) were {ractfonaled by homogenizalion and
uliracentrifugalion, Mgmbrane and cylosolic protelns were resolved by SDS/PAGE [7.5% (w/v)
palyacrylamida). Fil-1 was located In ine gel salned wlth Commassle Briliant Blue (lop panel).
A parallal gel (bollom panel) was lransferred on lo @ PVDF membrane and immunoblotted with
anli-{Fil-1) (C-17) antibadies. The immunoreactive Fl-1 corrésponds 1o a 170 kDa band In the
slaingd gal. FIl-1 pralein bands were excised from Lhe stained gel. digested with Uypsin and
analyssd sing an APl 300 HPLC=tandem MS mass spaclromeler.

S, top panel). In a parallel pel, this 170 kDa protein was
recognized by anti-(Flt-1) antibodies (Figure S, bottom panel)
and by an anti-pTyr antibody (results not shown). After trypsin
digestion of Flt-1 protein bands excised from thec stained gel,
teyptic peptide extracts were run on HPLC-MS.

The tryptic digests were analysed by capillary liquid chroma-
tography coupled with ESI-MS. Flt-1 peptides werc identified in
HPLC-MS chromatograms by comparing observed masses with
those of predicted proteolytic fragments. Pep tide sequences were
confirmed by tandemn MS. Phosphorylated peptides were iden-
lified by SIM, in which phosphate groups were detecled in the
first quadrupole of the mass spectrometer as 2 result of partial
dephosphorylation. This was achieved by applying a high orifice
potential to & portion of each samplc. pTyr-containing peptidcs
were then detected where phosphate ions (POj in negative ion
mode) were identified by mass increuses of 80 Da. The only
phosphopeptide detected was the tryptic hexapeptide YVYNAFK
(Figure 6), which contained a phosphorylated tyrosine residuc
(pTyr'*'*) derived from 2 region near the C-terminus of Flt-1.

Fii-1 interaction with P13-kinase is determined by Tyr®

The three amino acids immediately C-terminal to an RTK pTyr
residue define the binding specificity for SH2 domain-containing
protcins [8,36). The phosphopeptide pYVNA of Flt-1 fits the
general binding motif pTyr—hydrophobic—Xaa-hydrophobic elu-
cidated for PI3-kinase, PLC-y and SH protein-tyrosine phos-
phatase 2 (SHPTP2") [36]. Cunningham et al. {13] inferred that
Fli-1 bound PI3-kinase through pTyr*?!* from results obtained
with Flt-1 kinase domain and PI3-kinase SH2 domain constructs
in thc yeast two-hybrid system. In addition, we have reported
that VEGF activated the PI3-kinase pathway in buman en-
dothelial cell mitogenesis [9). From these results, PI3-kinase
appeared to be a potential signalling protein that could be
associated with autophosphorylated Fit-1.

© 2001 Biochemical Soclety
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Figure 6 HPLG-ESI-MS analysis of uyptic Fit-1 VEGF retaplor

Approx, 10 pmel of an Fi-1 tryplic digest wefe analysed by HPLC=ESI-MS wilh SIM for
phosphapeplides (POy in negalive lon mode), (A—G) Ara fram one run uglng a 1400 capillary
HPLC system (Applied Biosyslems) and a 0.5 mm > 150 mm C,, column (Applisd Biosyslems)
al a flow rate of § wi/min. “Blolin-ApSSYK (10 pmol) and EPQpYEEIPIA-NH, (4 pmol) werc
Injected with the digestion mixlure as internal positive conlrol phosphapeplides. Al of the
colump effiuenl was analysed wilh an APl 300 £S1 mass specromeler, (A) UV absorbance
profile ar 210 nm. (B) Negative lon delsction profiie lor PO3. (C) Full scan positve (oial ion
current (TIC), The pTye-conlalning hexapeplids pYVNAFK Is Indlcaied, 6,086 = 6.0 x 106,

To demonstrate a direct physical interaction between Flt-1
and PI3-kinase, with the involvement of pTyr***, in uirro binding
studies were performed. Two 15-residue peptidcs corresponding
to Flt-1 amino acid residues 1206-1219 were synthesized, in
which Tyr*#1? was phosphorylated (CG) SFpY) or left unmodified
(CG15F) (sce Figure 7A). To determine whcther autophos-
phorylated recombinant Flt-1 associated with mammalian PI3-
kinase, Fit-1 immunoprecipitates from infected High 5 cells were
cxtensively washed and incubated with lysates from non-stimu-
lated HUVECs in the presence of CG1SF or CGI1SFpY peptides
(Figure 7B, right-hand panel). Western-blot analysis of bound
proteins with a specific antibody raised against PI3-kinasc
revcaled that recombinant full-length Flt-1 ussociated with PI3-
kinase, and the binding was competely blocked by the phos-
phopeptidc CGISFpY, but not by the control peptide CG1SF.
Unrelated pTyr-containing peptidcs ol similar length also had no
cffect on the co-immunoprecipitation of Fli-1 and Pi3-kinase
(results not shown). These results indicaled that the intcraction
with PI3-kinase was dependent on the phosphorylation of Ty,
The requircment of pTyr** for the binding of Pl3-kinase was
also investigaled using immobilized phosphopeptides. CGI5F
and CG15FpY were covalenlly coupled to Sulfolink agarose gel
through their free N-terminul cysteine residues, and they were
incubated with HIUVEC lysates. The peptide-coupled Sulfolink
gel was then collected by centrifugation and washcd. and bound
proteins were analysed by Western blotting with an anti-(PI3-
kinase) antibody. As shown m Figure 1(B) (left-hiand pauncl), the
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Figure 7 In vitra associallon of PI3-kinase with Fit-1 receplors at pTyr2¥

(A) The focation of Tyr™"® i Fil-1 and the sequences o syniheilc pepiides CG15F and
CG15FPY. The {wo halched boxos represent Uie splil (yrosina kinase domain of the Fil-1
receplor, (B) Right-hand panel: Recombinant Flis1 receplofs were immunoprecipliated from
intecled High § cells al 48 h postinfeclion with speclfic antibodigs (K20L) fo Flie1 and
incubated with cell Iysstes of non-simulated HUVECS in the presenca of pepiide CG15F or
CG15FpY. Bound prolsins warg analysed by Western blalting wilh a monoclonal antl(Pi3-
Kinase) antbody. The posilion of Pi3-kinase is marked with an afrow. Lgk-hand panel: HUVEC
lysales were Incubaled with (ha peptides coupled o Sulfollnk gel in the absence (=) of
prescnce (<) of 40 mM phanyiphasphate. Bound protelns were analysed by Weslern bloting.

CG15FpY-coupled gel bound PI3-kinase, whereas the non-
phospborylated contrel peptide exhibited no detectable binding
to PI3-kinase. Furthermore, the association of the immobilized
phosphopeptide with the PI3-Kinase was abolished when phenyl-
phosphute was added to the incubation, indicating that the
protein~-protcin interaction was medigted via pTyr'#?, Western
blotting also showed that the CG15pY phosphopeptidc bound
PLC-y (results not shown), which is in agreement with the results
of Ito et al. [17). Our data demonstrate that Pl3.kinasc binds
directly to Flt-1, and this interaction is mediated specifically by
pTyrtas,

DISCUSSION

A role for PI3-Kinase in VEGF-induced cell signalling has been
controversial, Although PI3-kinase is activated by a number of
polypeptide growth factors (37), previous investigations found
that PI3-kinase was not activated by VEGF in VEGF receptor
cDNA-transfected porcine endothelial cells [34], Flt-1 cDNA-
wansfected NIH 3T3 fibroblasts [35), HUVECs [38], sinusoidal
endothelial cells [39], or mouse capillary endothelial cells [17). In
support of u role for PI3-kinasc iu VEGF signalling, the p8S
subunit of PI3-kinase was phosphorylated in bovine endothelial
cellz in response to VEGF [40], and it bound to pTyr'* in the
intracellular domain of Fli-1 in a yeast two-hybrid assay [13].
Subsequently, VEGF-stimulated PI3-kinase activity was shown
to be important in the anti-apoptotic [11] and the prolifcrative
[9,41] responses of human endothelial cclls to VEGF. The present
study provides additional evidence thar PI3-kinase could mediare
VEGF signalling through a direct physical interaction with
achivated Flt-1.
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We have used HPLC-ES1-MS to identify Tyr'*" as the major
autophosphorylation site on Flt-1. Previously, two diffcrent
approaches were taken to identify Flt-1 phosphorylation sitcs.
Using the yeast two-hybrid method coupled with sitc-directed
mutagenesis, Cunningham et al. [13,14] identified Tyr'*'3, Tyr*'*®
and Tyr™ as residues modified by phosphorylation, whercas
Igarashi ct al. [16] identified Tyr'*'* and Tyr'*** as phosphory-
lation sites. Phospho amino acid analysis of wild-typc and
mutant tryptic peptides separated by two-dimensional gel clectro-
phoresis indicated that Tyr'3* and Tyr"™ werc autophos-
phorylated on full-length Flt-1 expressed in inscct cclls [15].
However, using the same method Ito et al. [17] reported four
phosphorylation sites, Tyr'*'*, Tyr'#2, Tyr'®? and Tyr***™, but
not Tyri!*, on the baculovirus expressed Flt-1 kinase domain.
Possible explanations for these discrepancies are differcnces in
experimental conditions, assay sensitivities and reccptor regions
expressed (i.e. full-lcngth receptor or tyrosine kinase domain). In
each of these reports Fli-1 phosphorylation sites were idcntified
by indirect methods. In the present study we have used MS to
identify autophosphorylated Tyr'*!® on recombinant full-length
Flt-1 protein. No other phosphorylated tryptic peptides were
detected. We cannot cx¢lude the possibility that the phosphoryla-
tiop levels of other Flt-1 tyrosine vesidues expressed in High 5
cells were below the detection limit of the MS system used,
Although Tyr!3"¥ was previously identified as a putative auto-
phosphorylation site of Flt-1 that binds Pl3-kinase {13,16]. no
dircet evidence for this interaction was provided. In the present
study we demonstrated an interaction berween P13-kinasc snd
Tyr'*¥ with {n vitro binding cxperiments using a synthetic
phosphopeptide containing pTyr'#%, The same phosphopeptide
sequence also bound PLC-y as shown by Ito et al. [17] (results
not shown). P13-kinase is composed of u p85 regulatory subunit,
which contains two SH2 domains and onc SH3 domain, and the
p110 catalytic domain [42]. Since VEGF stimulates the phos-
phorylation of the p85 subunit of PI3-kinase in HUVECs [4]]
and induces kinasc activity [9,43], the binding of inaclive Pl13-
kinase to Fit-1 is most likely mediated by the SH2 domains of the
p85 subunit as suggested by Cunningham ct al. [13]. The YVNA
sequence of Fit-1 thst includes Tyr'?!? jg different from the
YM/VXM motif for PI3-kinase that hus been jdentified in othcr
related RTKs, including the PDGF rcccptor, the colony-stimu-
lating factor-1 rceeptor and c-kit. Thus there is more variability
in the RTK binding motif recognized by PI3-kinase than
previously appreciated.

We have previously shown that VEGF-activated PI3-kinase in
HUVECs phosphorylates phosphotidylinositol, and this kinase
plays an esscntisl role in transducing 8 VEGF mitogenic signal
(9). The rcsults reported in the present study suggest that the
binding of activated Fit-1 through pTyr*? 1o PI3-kinase con-
\ibutes to the uctivation of PI3-kinase. This protein—protcin
interaction thercfore couples an extraccllular VEGF stimulus to
the intracellular PI3-kinase signal transduction pathway in
vascular endothclial cells.
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Chapter Twenty-Four

Hybridoma Cultures for Production
of Antibodies

Purification and Specificity of Antibodies

J. Denry Sato

1. INTRODUCTION

During the process of characterizing the structure and function of novel antigens, it is usually
necessary to create new monoclonal or polyclonal antibody reagents. However, once validated,
these antibodies can be put to a multitude of experimental uses, such as detecting and quantitating
antigens in cell and tissue extracts or biological fluids, purifying proteins for structural analyses,
studying protein—protein interactions, and monitoring cellular differentiation. Although many well-
characterized monoclonal antibodies (mAbs) to antigens of general interest are commercially avail-
able, mAbs to specialty antigens may need to be individually purified from hybridomas obtained
from academic sources, or from not-for-profit cell repositories, such as the American Type Culture
Collection (www.atcc.org). This chapter describes protocols for producing, purifying, and verify-
ing murine mAbs from pre-existing hybridomas.

2. PRODUCTION OF MABS

mAbs can be collected from hybridomas cultured either in vitro or in the peritoneal cavities of
major histocompatibility complex-compatible or immunodeficient strains of mice. Although mAbs
can be recovered at high concentrations in ascites fluid, those antibodies are contaminated with an
unknown proportion of irrelevant antibodies from the host mice. Because there are applications in
which accurate estimates of antibody concentrations are important, we prefer to collect mAbs in
serum-free cell culture medium. The medium formulation provided below is a modification ofa
serum-free medium developed for NS-1-Ag4-1 and related mouse myeloma cell lines (Kawamoto

et al., 1986; Sato et al., 1987; Myoken et al., 1989).

2.1. Materials

RPMI-1640 DMEM nutrient medium plus five factors (RD+5F).
50X BSA-oleic acid stock solution.

Protocols for Neural Cell Culture, 3rd Ed. o Ed.: S. Fedoroff and A. Richardson * Humana Press, Inc., Totowa, NJ
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Roller bottles, 2-L.

Pipets, disposable, plastic.

Tubes, conical, polypropylene, sterile,*50-mL.
95% air/5% CO,, sterile.

2.2. Procedure

1. Add 250 mL RD+5F medium to each 2-L roller bottle. Add BSA-oleic acid stock solution
(1X-1 mg/mL BSA and 10 pg/mL oleic acid).

2. Collect hybridoma cells in 50-mL conical tubes, and centrifuge for 5 min at 200g. Add the
cells to the roller bottles at a final density of 1-5 + 10° cells/mL medium.

3. Gas the medium with sterile 95% air/5% CO, to prevent the pH from increasing, and tighten
the roller bottle caps, to prevent gas exchange.

4. Incubate the roller bottles at 37°C. The bottles can be rolled at 1 rpm, but rolling is not
necessary, and it may decrease cell viability. '

5. Harvest the conditioned medium when the phenol red has turned orange, and clarify the
medium by centrifugation at 200g for 10 min. Store the medium at 4°C.

6. Split the hybridomas at a ratio from 1:4 to 1:10, in fresh medium, to continue producing

antibodies.

3. PURIFICATION OF MONOCLONAL ANTIBODIES (mABs)

For some applications, such as immunoadsorption and Western blotting, pure mAbs are not
necessary, and hybridoma-conditioned medium or diluted ascites fluid may suffice. However, pure
antibodies are required for applications such as immunohistochemistry and the determination of
antibody affinity for antigen. There is no single method that allows for the purification of all
species of mAbs. The most convenient method of purifying murine mAbs of immunoglobulin G
(IgG) isotypes is chromatography on immobilized protein A (Ey et al., 1978) or protein G (Akerstrom
et al., 1985). This method both concentrates and purifies the antibodies in a single step. However,
this method cannot be used to purify IgM antibodies, and the low-pH buffers used to elute bound
antibodies may have a deleterious effect on the activity of some antibodies.

3.1. Materials

Protein A-agarose (Pierce, cat. no. 20333) or protein G-agarose (Pierce, cat. no. 20398)
slurry.

Phosphate-buffered saline (PBS), Ca?*-Mg?*-free.

Wash buffer: PBS, pH 7.4; or 3 M NaCl/50 mM Tris-HCI (pH 8.9) (High-salt buffer).

Elution buffer: 0.1 M glycine-HCI (pH 2.5).

Neutralization buffer: 1 M Tris-HCI (pH 7.5).

Columns (Bio-Rad, cat. no. 731-1550), 10-mL, disposable polypropylene.

Dialysis membrane with a mol wt cutoff of less than 100 kDa (Slide-A-Lyzer dialysis casette,
Pierce, cat. no. 66407). '

3.2. Procedure

1. Add 1-5 mL protein A- or protein G-agarose slurry to a polypropylene column. Wash the
column with 5 column volumes of elution buffer, followed by 5 column volumes of wash
buffer. Use high-salt buffer, if purifying IgG, on protein A (see Section 3.1. above).

2. Run the clarified antibody supernatant (conditioned medium) over the column, using grav-
ity feed or a peristaltic pump at a flow rate of 1 mL/min.
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3.

3.3.

4.

Wash the column with 50-100 column volumes of wash buffer. High-salt buffer is only
necessary if washing IgG, bound to protein A.

4. Elute bound antibody in 1-mL fractions, with at least 5 column volumes of elution buffer.
5.
6. Pool fractions containing antibodies, as determined by absorbance at 280 nm, a serological

Add 0.2 mL 1 M Tris-HCI (pH 7.5), to neutralize each fraction of eluate.

assay, or sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Dialyze
the pooled antibodies against PBS or distilled water.

Determine the antibody concentration spectrophotometrically by absorbance at 280 nm (1
mg/mL IgG = 1.4 ODyg with a 1-cm light path).

Monitor the purity of the antibody preparation by SDS-PAGE. The heavy and light chains of
reduced IgG run as 50 and 25 kDa bands, respectively.

Comments

Murine IgG, binds poorly to protein A, but this interaction can be substantially improved by
adding NaCl to the antibody solution, to a final concentration of 3 M, and by raising the pH
of the antibody solution to 8.9. Alternatively, murine IgG;, binds with high affinity to pro-
tein G at physiological salt concentrations.
If the antigen-binding activity of the antibody of interest is adversely affected by the low-pH
buffer used to elute antibodies from protein A or protein G, it may be possible to raise the
pH of the elution buffer by up to 1 pH unit or more to reduce this effect, while still recover-
ing antibody from the column. If this method is unsatisfactory, chromatography on a solid
support, coupled to diethylaminoethyl (DEAE) and the dye, Cibacron blue F3GA (DEAE-
Affigel Blue, Bio-Rad), can be used to purify all IgG isotypes ata pH closer to 7.4 (Bruck et
al., 1982). The drawbacks of this method are: ’
a. Antibodies do not bind to this matrix in 0.15 M NaCl, and therefore they are not concen-
trated.
b. The final antibody preparation will contain transferrin.
IgM mAbs cannot be purified on protein A or protein G. However, IgM precipitates in low-
ionic-strength solvent, so that can be purified from conditioned medium by dialysis against
distilled water (Heide and Schwick, 1978). The precipitate is collected by centrifugation
and redissolved in PBS. If necessary, IgM can be further purified by gel filtration chroma-
tography on Sephadex G-200 or similar gel filtration medium.

VERIFYING ANTIBODY ACTIVITY

Once a mAb has been purified, it is important to verify that it has retained its antigen-binding
activity, before it is used in further experiments. The most convenient methods for assessing anti-
gen-binding activity are Western blotting using purified target antigen or a complex cell or tissue
fraction, and immunoadsorption coupled with SDS-PAGE. A protocol for immunoadsorption is
provided below.

4.1.

Materials

Protein sample containing the target antigen.
mAD solution.

Protein A-agarose or protein G-agarose slurry.
Immunoprecipitation buffer.

3X SDS-PAGE sample buffer (reducing).
Eppendorf tubes, 1.5-mL.
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Microcentrifuge.
Minigel apparatus.

Immunoadsorption

Solubilize antigen in 50-100 UL immunoprecipitation buffer in a 1.5-mL Eppendorf tube.
Centrifuge the solution at 13,000g in a microcentrifuge, and transfer the supernatant to a
second tube.

Add 1-10 pg mAb, and incubate the antigen-antibody mixture at 4°C for at least 1 h.

Add 50 pL protein A-agarose or protein G-agarose in immunoprecipitation buffer, and incu-
bate at 4°C for 1-2 h.

Pellet the beads by centrifugation at 13,000g in a microcentrifuge, and wash the antibody-
antigen complexes, adsorbed to the protein A or protein G beads, with 0.5 mL immunopre-
cipitation buffer, 5x. Collect the beads by centrifugation after each wash.

Wash the beads a final time with distilled water, to reduce the amount of salt in the sample ‘
Add an appropriate volume of 1X SDS-PAGE sample buffer, heat the sample for 5 min at
95°C, then put it on ice.

Electrophorese the sample in an SDS-polyacrylamide minigel of appropriate concentration.
Stain the gel with Coomassie brilliant blue or silver, to detect the protein antigen.

Comments

In Western blotting, if epitope reactivity is sensitive to reducing agents, omit 2-mercap-
toethanol from the electrophoresis sample buffer.

mADbs raised agamst native protein antigens may not be suitable for use in Western blotting.
Immunoadsorption is likely to be a more suitable application for these antibodies. Con-
versely, mAbs raised against denatured protein antigens may be most suited for use in West-
ern blotting.

Murine mAbs that do not bind protein A or protein G can be used in immunoadsorption
assays, by precoating the protein A or protein G beads with secondary polyclonal antibodies
such as rabbit antimouse Ig. If this method is used, it is important to include a negative
control omitting the mAb.

Complex protein antigens such as cell or tissue lysates, may be preferable to pure antigen in
Western blotting or immunoadsorption assays of mAbs, because they will provide addi-
tional information about antibody crossreactivities.

An additional method by which mAbs can be verified is antibody typing. By identifying
antibody heavy and light chains, this assay provides supporting evidence that the antibody
that has been purified is indeed correct. Enzyme-linked immunosorbant assay-based typing
kits are available from a number of commercial sources.

APPENDIX

Media and Supplements

RD nutrient medium (a 1:1 mixture of RPMI-1640 and Dulbecco’s modified Eagle’s me-
dium):
a. Dulbecco’s modified Eagle’s medium with high glucose (Gibco-BRL, cat. no. 12100-
046). Formulation:
Inorganic Salts: mg/L
CaCl, (anhydrous) 200.00
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KCl 400.00
MgSO, (anhydrous) . 97.67
NaCl 6400.00
NaH2P04 * H20 125.00

Other Components:
p-Glucose 4500.00
Phenol red 15.00

Amino Acids:

L-Arginine - HCI 84.00
L-Cysteine 2HCI 63.00
L-Glutamine 584.00
Glycine 30.00
L-Histidine HCI - H,O 42.00
L-Isoleucine 105.00
L-Leucine 105.00
L-Lysine HCI 146.00
L-Methionine ' 30.00
L-Phenylalanine . 66.00
L-Serine - 42.00
L-Threonine 95.00
L-Tryptophan 16.00
L-Tyrosine 2Na - 2H,0 104.00
L-Valine 94.00

Vitamins:
p-Calcium pantothenate 4.00
Choline chloride 4.00
Folic acid 4.00
i-Inositol 7.20
Niacinamide 4.00
Riboflavin 0.40
Thiamine HC1 4.00
Pyridoxine HCl 4.00

b. RPMI-1640 formulation:

Inorganic salts mg/L
Ca(NOj), - 4H,0 100.00
KCl 400.00
MgSO, (anhyd.) 48.84
NaCl : 6000.00
Na,HPO, (anhyd.) 800.00

Other Components:
p-Glucose ' 2000.00
Glutathione (reduced) 1.00
Phenol red 5.00

Amino Acids:

L-Arginine 200.00
L-Asparagine (free base) 50.00
L-Aspartic acid 20.00
L-Cystine 2HCI 65.00

L-Glutamic acid 20.00
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L-Glutamine 300.00
Glycine 10.00
L-Histidine (free base) ? 15.00
L-Hydroxyproline 20.00
L-Isoleucine 50.00
L-Leucine 50.00
L-Lysine - HCl 40.00
L-Methionine 15.00
L-Phenylalanine 15.00
L-Proline 20.00
L-Serine 30.00
L-Threonine 20.00
L-Tryptophan 5.00
L-Tyrosine 2Na - 2H,0 29.00
L-Valine 20.00
Vitamins:
Biotin 0.20
p-Calcium pantothenate - 0.25
Choline chloride 3.00
Folic acid 1.00
I-Inositol 35.00
Niacinamide 1.00
Para-aminobenzoic acid 1.00
Pyridoxine HCl 1.00
Riboflavin 0.20
Thiamine HCl 1.00
Vitamin B, 0.005

c. Reconstitute equivalent amounts of powdered RPMI 1640 (Gibco-BRL, cat. no. 31800-
022) and DMEM with high glucose with Milli-Q water according to the manufacturer’s
instructions to give a final 1:1 mixture (by volume).

d. Stir in the following reagents to the final concentrations:

Final
Component concentration

HEPES (Research Organics, Cleveland, OH,

cat no. 6003H) 15 mM
L-Glutamine (Sigma, cat. no. G-3126) 2 mM
Na pyruvate (Sigma, cat. no. P-2256) 0.01%
NaHCO; (J.T. Baker, cat. no. 3506-01) 2.0g/L
Penicillin (Sigma, cat. no. P-3032) 100 TU/mL
Streptomycin (Sigma, cat. no. P-3032) 50 pg/mL

e. Adjust the pH to 7.5, and sterilize the medium by filtration through a 0.22-um filter.
2. Medium supplements, 200X stock solutions:
a. Make the following stock solutions:
i. Insulin (Sigma, cat. no. I-5500), 200X stock.
2 mg/mL insulin in 10 mM HCl.
ii. Transferrin (Sigma, cat. no. T-2252), 200X stock.
2 mg/mL human transferrin in PBS.
iii. Ethanolamine (Sigma, cat. no. E-9508), 200X stock.
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2 mM ethanolamine in Milli-Q water.

iv. 2-Mercaptoethanol (Sigma, cat. no. M-6250), 200X.
2 mM 2-mercaptoethanol in Milli-Q water.

v. Na selenite (Sigma, cat. no. S-1382), 200X.
2 UM Na selenite in Milli-Q water.

b. Sterilize stock solutions by filtration through 0.22-um filters.

c. Keep supplements at —20°C for long-term storage.

3. Fatty acid-free bovine serum albumin (BSA) (Bayer, cat. no. 82-002-2) conjugated with
oleic acid (Sigma, cat. no. O-1008) (50X Stock solution).

a. Make a 50-mg/mL solution of fatty acid-free Fraction V BSA in PBS. Filter-sterilize
through 0.22-pm filter.

b. Make a 20-mg/mL solution of oleic acid in 100% ethanol.

c. For each mL BSA solution, add, dropwise, with constant stirring at 37°C, 25 pL 20 mg/
mL solution of oleic acid (final concentration 500 pug/mL). If the solution is turbid,
incubate it in a 37°C water bath until it clears.

Note: A commercial BSA—oleic acid conjugate is available from Sigma (cat. no. 0-3008).

d. Store the 50X stock solution at 4°C in a light-tight container.

4. RD+5F (Factor) medium: .
a. Add appropriate volumes of the 200X stock solutions of insulin, transferrin, ethanola-

mine, 2-mercaptoethanol, and Na selenite to RD nutrient medium.
b. Supplement the medium with BSA-oleic acid to final concentrations of 1 mg/mL BSA,

which corresponds to 10 pg/mL oleic acid.

5.2. PBS, Ca2*-Mg2*-Free

NaCl 8.00 g/L

KCl 0.20 g/L

NaHPO, 1.15¢g/L
Adjust pH to 7.4.

5.3. Immunoadsorption Buffers

1. Immunoprecipitation buffer:
PBS (see 5.2), adjusted to 0.5 M NaCl (pH 7.4).
0.1% SDS (Sigma, cat. no. L-4509).
1% NP-40 (Sigma, cat. no. N-6507).
0.5% Na deoxycholate (Sigma, cat. no. D-6750).
2. 3X SDS-PAGE sample buffer (reducing):

0.5 M Tris-HCI (pH 6.8)/0.4% SDS 1 mL

25% SDS in H,0 0.8 mL

2-Mercaptoethanol (Sigma, cat. no. M-6250) 0.5 mL

Glycerol (J.T. Baker, cat. no. 2140-01) 1 mL

Bromophenol blue (Bio-Rad, cat. no. 161-0404) 0.05%
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